The ex vivo expansion of stem cells is an important step towards realizing the great potential of stem cell-based therapy in modern medicine. Stem cells are promising therapeutic agents because they could serve as a source of replacement tissues and organs. Cell-based therapies involve removing cells from a physiological environment and propagating them in an artificial cell culture system. A challenge in stem cell research today is ensuring that therapeutically adequate numbers of cells are produced for subsequent transfer to a patient. The non-physiological conditions to which cells are exposed during their lengthy ex vivo cultivation compromise their phenotype. Cells function less efficiently, resulting in sub-optimal proliferation and differentiation. The ex vivo differentiation of hMSCs into the adipogenic lineage is enhanced dramatically when a Ficoll mixture is used as a macromolecular crowder in the differentiation protocol. As fluorescence correlation spectroscopy (FCS) has been used extensively to study dynamic molecular processes in living cells and organisms, we chose this powerful singlemolecule-sensitive technique to probe diffusive events in different experimental systems. We have found that molecular diffusion in the cell surface membrane and in supported lipid bilayers (SLBs) is not changed significantly by the crowder, suggesting that Ficoll does not directly alter membrane properties and cell surface signalling. We have applied an anomalous subdiffusion fitting model to FCS measurements performed in the cytosol of hMSCs and found that fluorophore-conjugated Ficoll 70, Ficoll 400 and polyvinylpyrrolidone (PVP) diffuse anomalously with an α value < 0.7. The degree of anomalous subdiffusion is greater in the cytosol than in solutions of physiologically relevant concentrations of Ficoll 70 and Ficoll 400. However, we have data that conclusively show that the same concentrations of Ficoll 70 and Ficoll 400 increase actin polymerization reaction rates in vitro. We have also determined that Ficoll increases the rate of in vitro collagen aggregation. As collagen is a principal component of the extracellular matrix (ECM), we hypothesize that the excluded volume effect caused by Ficoll in the stem cell culture media directly affects the rate of deposition of ECM. Based upon our data, we conclude that Ficoll crowders have a greater effect on biochemical reaction kinetics than on molecular diffusion.
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